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Introduction
Cigarette smoke increases the susceptibility to oral mucosal infection and is a risk factor for malignant transformation. Smoking is a well recognized risk for periodontitis, oral candidiasis, oral leukoplakia and oral cancer [1, 2] . The epithelium of oral mucosa acts as a defense shield against microorganisms and other harmful stimulating factors such as smoking.
Innate immune system is responsible for initial host defense against invasive pathogens, where pathogen-associated molecular patterns (PAMPs) are dependent on pattern recognition
receptors (PRR). Representative human PRRs are Toll-like receptors (TLRs) and intracellular nucleotide binding oligomerization domain (NOD)-like receptors (NLRs).
Previous studies have confirmed that NOD1 and NOD2 are clearly expressed in oral epithelium. NOD1 seems to be more ubiquitously and constitutively expressed in epithelial cell lines than NOD2 [3] . NOD1 is a fundamental member of NLR family and NOD1 signal pathway plays a crucial part in innate immune of oral mucosal epithelium [3] [4] [5] . The oligomerization of NOD proteins following peptidoglycan recognition results in the recruitment of RIP2 (receptor interacting protein 2), which in turn interacts with the IKK [IκB (inhibitor of NF-κB) kinase] complex and activates NF-κB signaling [6, 7] . NF-κB activation promotes the production of proinflammatory cytokines, chemokines, and antimicrobial peptides, such as human β defensin (hBD) [8] . The hBD family is one type of cationic antimicrobial peptides that can be secreted by epithelial cells. Among hBD family, hBD-1, -2 and -3 are critical members of the defense system of oral mucosal epithelium [9] .
Previous studies have determined that cigarette smoke affects the expression of TLRs [10, 11] . However, effects of cigarette smoke on NLRs have not been understood well. An early study showed that cigarette smoke extract (CSE) delayed NOD2 expression and affected NOD2/RIP2 interactions in intestinal epithelial cells [12] . The impacts of smoking on hBDs expression in human gingival tissues or cells have been investigated in previous studies. Wolgin et al. found that the expression of hBD-1 and -2 mRNA was significantly reduced in gingival samples of smokers compared with non-smokers [13] . The study results of Semlali et al. suggested that whole cigarette smoke exposure up-regulated mRNA levels and release of hBD-2 and hBD-3 by human gingival epithelial cells [10] . Another study from Mahanonda et al. showed that CSE modulated hBD-2 mRNA in human gingival epithelial cells [11] . Clarifying effects of smoking on NOD1 signal pathway and hBDs expression will improve the knowledge on the relationship between cigarette smoke and oral mucosal diseases. Therefore, the aim of the present study was to compare the expression levels of NOD1, RIP2, NF-κB, phospho-NF-κB (P-NF-κB), hBD-1, -2, and -3 in normal oral mucosa tissues between smokers and non-smokers. To better explore impacts of cigarette smoke exposure, we evaluated the differential expression of NOD1 and other molecules in the immortalized human oral mucosal epithelial cell line (Leuk-1) between cigarette smoke extract (CSE) treatment and control groups.
antibodies, biotin-conjugated secondary antibodies, and horse radish peroxidase (HRP)-conjugated avidin. Specific antibody interactions were detected with the HRP substrate 3, 3'-diaminobenzidine (DAB). Subsequently, sections were washed and counterstained with hematoxylin. For the negative control, phosphate-buffered saline was used in place of the primary antibodies. Appropriate positive controls were concurrently performed. Primary antibodies against the following proteins were used: NOD1 (1:200 dilution), RIP2 (1:50 dilution), NF-κB (1:400 dilution), P-NF-κB (1:150 dilution), hBD-1 (1:300 dilution), hBD-2 (1:500 dilution), and hBD-3 (1:400 dilution). Densitometry image analysis was performed as previously reported [14, 15] with some modifications. Briefly, immunohistochemical images were acquired using a Leica microscope coupled to a Leica DC500 digital camera (Leica, Wetzlar, Germany). Photographs were taken using identical conditions for light setting and contrast. Ten randomly selected discontinuous fields (400×) per slice were evaluated. The densitometry analysis of immunohistochemical results was performed by one blinded investigator using Image Pro Plus analysis software (version 6.0; Dallas, TX, USA). The calibration procedure was finished before image analysis. The color segmentation algorithm was then used to separate the contribution of the DAB and hematoxylin dyes. The mean value of the optical densities of all selected pixels was Mean Optical Density (MOD).
Western blotting
Western blotting was performed as described. [16] Tissues or Cells were lysed in ice-cold lysis buffer containing protease inhibitor and phosphatase inhibitor cocktail. 10 ml complete protease inhibitor cocktail was added per 1 mg sample. To homogenise the sample, 10 ml 100 mM 1, 4-dithiothreit (DTT) were added per 100 mg of sample. The lysates were incubated on ice for 30min and centrifuged at 14,000g, for 10 min, at 4 °C, to remove cell debris. The Western blotting was performed under the denaturing conditions. Total cellular protein was collected, denatured and separated by 10% gradient gel and electrophoretically transferred to polyvinylidene difluoride membranes. After blocking for 1 h at room temperature, blots were incubated respectively with primary antibody specific for NOD1, RIP2, NF-κB, P-NF-κB and GAPDH overnight at 4°C and followed by each corresponding second antibody at room temperature for 1 h at 37°C. Then, the results were developed by ECL kits. Densitometric analyses of immunoblot bands were performed using Image J software and the data of target protein were normalized to those of corresponding GAPDH (http://rsb.info.nih.gov/ij/). Normalized data were represented as percentage or fold change compared with corresponding control, which was set to 1 or 100.
Cell line and cell culture
Immortalized human oral mucosal epithelial (Leuk-1) cell line was a generous gift from Professor Li Mao at Department of Oncology and Diagnostic Sciences, University of Maryland Dental School, Baltimore, MD. The cell line was expanded and passaged in keratinocyte serum free medium. This medium was supplemented with BPE (25 μg/ml), epidermal growth factor (0.2 ng/ml), CaCl 2 (0.4 mM). The passaged cells were cultured in 37°C humidified air incubators with 5% CO 2 . Cells were routinely grown to 70% confluency, and trypsinized with 0.25% trypsin/0.02 EDTA solution.
Cigarette smoke extract (CSE) preparation
Kentucky 3R4F research-reference filtered cigarettes used for CSE preparation were purchased from the Tobacco Research Institute, University of Kentucky (Lexington, KY, USA). CSE was prepared by a peristaltic pump as previously described [17, 18] . The smoke of one 3R4F reference cigarette was bubbled through 10ml of keratinocyte serum free medium at a speed of 50 ml/min. The resulting solution was filtered through a 0.22-μm pore filter to remove bacteria and large particles. The CSE solution was adjusted to a pH of 7.45 and used within 15 min after preparation. This solution, considered to be 100% CSE, was diluted and applied to cell cultures within 30 min of preparation.
Measurement of cell Viability
Cell viability was measured by conventional MTT assay as previously described [19] . Leuk-1 cells were cultured in 96-well plates at a density of 1×10 5 cells/ml and then were treated with different concentrations of CSE (0, 1%, 2%, 4%, 8%, 16%, 32%, 64% and 90%), with different concentrations of NOD1 agonist iE-DAP (0, 0.1μg/ml, 1μg/ml, 10μg/ml, 50μg/ml, 100μg/ml, 1000μg/ml), or with different concentrations of NF-κB inhibitor NF BAY 11-7082 (0, 1μM, 5μM, 10μM, 20μM, 50μM, 100μM, 200μM, and 400μM) for 24 h was added to each well. After 4 h incubation, the supernatant was discarded, 150 microlitres of DMSO was added and the plate was shaken to dissolve the formazan. Absorbance was determined by using a multiplate reader (Bio-Rad 680, Hercules, CA, USA) at a wavelength of 570 nm.
Immunofluorescence
Leuk1 cells were grown on glass coverslips and stimulated with 4% concentration of CSE or fresh medium (control) for 24 h. Next, Leuk-1 cells were washed with PBS and fixed in 4% paraformaldehyde for 15 min at room temperature. After being washed in PBS, the cells were permeabilized in 0.5% (v/v) Triton X-100 in PBS, washed, and blocked with 5% BSA in PBS-0.1% Tween 20 for 1 h at 37 °C. Next, the cells were exposed overnight at 4°C to primary antibodies. Primary antibodies against the following proteins were used: NOD1 (1:100), RIP2 (1:50), NF-κB (1:100), P-NF-κB (1:100), hBD-1 (1:100), hBD-2 (1:100), and hBD-3 (1:100). The next day, coverslips were washed with PBS and then incubated with Dylight 488 (green) or Alexa Fluor 555 (red) -labeled secondary antibody for 1h at room temperature. To stain the nuclei, DAPI was added for 5 min, and slides were examined by a confocal laser scanning microscope (FluoView FV10i, Olympus, Japan).
iE-DAP treatment
The peptidoglycan-like molecule iE-DAP and the negative control compound iE-Lys (all with endotoxin levels < 0.125 EU/ml) were obtained from InvivoGen. Treatment of Leuk-1 cells with iE-DAP (NOD1 specific agonist) was performed as previously described [20, 21] . Leuk-1 cells (prepared as detailed above) were pretreated for 24 h with the presence of 50 μg/ml iE-DAP or 50 μg/ml iE-Lys. Leuk-1 cells were then either untreated (control) or treated with 4% CSE for 24 h.
BAY 11-7082 treatment
Available researches and our preliminary experiment showed NF-κB specific inhibitor BAY 11-7082 in low-does could inhibit NF-kB activity without inducing significant cell apoptosis. Treatment of Leuk-1 cells with BAY 11-7082 was performed as previously described [22, 23] . Briefly, Leuk-1 cells were pretreated with 10 μM BAY 11-7082 for 24 h. Then cells were treated with 4% CSE for 24 h. Leuk-1 cells were treated with 0.5% DMSO as a mock-treated control.
Quantitative RT-PCR
Total RNA from Leuk-1 cells was extracted using a modified TRIzol protocol and spectrophometrically quantitated. Equal amounts (2 μg) of RNA for each sample were used with oligo (dT) as primers for the production of cDNA (SuperScript II First-Strand Synthesis System for RT-PCR, Roche) to produce cDNA. Real-time PCR analyses ware performed using an ABI 7300 Real Time PCR System (Applied Biosystem, Foster City, CA), and PCR amplifications were performed using the SYBR Green PCR Master Mix according to the manufacturer's instructions. Gene-specific primers for hBD-1, -2, -3 and GAPDH housekeeping genes were used in standard PCR with the following program: 50°C for 2 min, 95°C for 10 min, 40 cycles of 95°C for 15 s, 58°C for 30 s, and 72°C for 30 s, followed by melting curve analysis, by which the specificity of primers was confirmed. The experiment was repeated three times. The data are expressed as relative mRNA levels and were normalized to GAPDH. Fold changes in expression of each gene were calculated by a comparative threshold cycle (Ct) method using the formula 2
. The qPCR primers used for measuring mRNA levels of hBDs crossed exons. Primer sequences were as follow: hBD-1 forward TCA TTA CAA TTG CGT CAG CAG, reverse TTG CAG CAC TTG GCC TTC [13] ; hBD-2 forward TCC TCT TCT CGT TCC TCT TCA, reverse AGG GCA AAA GAC TGG ATG AC [13] ; hBD-3 forward CCA TTA TCT TCT GTT TGC TTT GCT C, reverse CCG CCT CTG ACT CTG CAA TAA TA [24] ; GAPDH forward GCA CCG TCA AGG CTG AGA AC, reverse TGG TGA AGA CGC CAG TGG A [25] .
Enzyme-linked immunosorbent assay (ELISA)
To detect the amount of hBD-1, -2, and -3 produced by Leuk-1 cells, cell culture supernatant was quantified using an enzyme-linked immunosorbant assay (R & D Systems) according to the manufacturer's instructions. hBD-1, -2, -3 standard was used to construct standard curves. The supplied primary antibody and strepavidin-HRP secondary antibody were added. After incubation with the provided substrate solution, the reaction was stopped with the addition of stop solution, and the plate was read at 450 nm using a spectrophotometric plate reader.
Statistical analyses
Statistical analyses were performed using SPSS 15.0 (Chicago, IL). Data represented as mean ± SEM. To determine whether parameters were normally distributed, the Kolmogorov-Smirnov statistic test was applied. Normally distributed data were analyzed using the unpaired t-test for differences between groups whereas non-normally distributed ones were analyzed with Mann Whitney test. P values﹤0.05 were considered statistically significant.
Results

NOD1, RIP2, NF-κB and P-NF-κB levels were altered in oral mucosa of smokers
In the present study the expression levels of crucial molecules in NOD1 signaling pathway were analyzed. The study participants included 20 patients, 11 men and 9 women, with an age range from 19 to 56 years (median 34.7 years; Table 1 ). The average number of cigarettes smoked among smokers group was 19.40 pack years (standard deviation: 20.18 pack years). Western blotting and immunohistochemistry assays were used to examine the expression of NOD1, RIP2, NF-κB and P-NF-κB in normal oral mucosa tissues of healthy smokers and non-smokers. Representative immunoblot bands were presented in Figure 1 . As shown by Western blotting results, the protein levels of NOD1 and NF-κB in the smoker group were significantly lower than that of the non-smoker group. Compared with that in Table 1 . The demographic parameters of study participants. SD: standard deviation Fig. 1 . Protein expression levels of NOD1, RIP2, NF-κB and P-NF-κB in normal oral mucosal tissues were differential between non-smokers and smokers. Representative immunoblot bands of NOD1, RIP2, NF-κB and P-NF-κB (A). Density analyses of immunoblot bands indicated significantly decreased NOD1 level (B), increased RIP2 level (C), reduced NF-κB level (D), augmented P-NF-κB level (E) and enhanced the ratio of P-NF-kB to total NF-κB (F) in oral mucosal tissues of smokers compared with that of non-smokers. Density data of bands were represented as means ± SE (n = 8/group). Statistical significance: *P < 0.05, **P < 0.01 Smokers vs. Non-smokers. mucosa epithelium of smokers. Digital image analysis results indicated that the expression of NOD1 and NF-κB in oral mucosal epithelium of the smoker group significantly decreased than that of the non-smoker group, while the expression of RIP2 and P-NF-κB in oral mucosal epithelium of the smoker group significantly increased than that of the non-smoker group (Fig. 2) .
hBD-1 and -3 levels were decreased and hBD-2 level was increased in oral mucosa of smokers Representative immunohistochemical results of hBD-1, -2, -3 in oral mucosa of nonsmokers and smokers were presented in Figure 2 . Strong staining intensity of hBD-1 and hBD-3 was observed in oral mucosal epithelium of non-smokers, whereas weak or no staining intensity of hBD-1 and hBD-3 was noted in oral mucosal epithelium of smokers. Weak staining intensity of hBD-2 was found in oral mucosal epithelium of non-smokers, while strong staining intensity of hBD-2 was noted in oral mucosal epithelium of smokers. Digital image analysis results indicated that the expression of hBD-1 and hBD-3 in oral mucosal epithelium of the smoker group significantly reduced than that of the non-smoker group, while the expression of hBD-2 in oral mucosal epithelium of the smoker group remarkably increased than that of non-smoker group (Fig. 2) . 
Effects of CSE, iE-DAP, and BAY 11-7082 on cell viability
MTT measurement was used to assess the effects of different concentrations of CSE, iE-DAP (NOD1 specific agonist), and BAY 11-7082 (NF-κB specific inhibitor) on the viability of Leuk-1 cells. As Figure 3A shown, 1%, 2%, 4% CSE treatment for 24h did not significantly decrease the cell viability. As Figure 3B shown, the treatment of 50μg/ml iE-DAP for 24h did not markedly alter the cell viability. As Figure 3C shown, the treatment of 10 μM BAY 11-7082 for 24h did not clearly reduce the cell viability.
CSE modulated the levels of crucial molecules of NOD1 signal pathway in Leuk-1 cells.
To better study the effect of cigarette smoke exposure on NOD1 signal pathway in oral mucosal epithelial cells, the expression of crucial components in NOD1 signal pathway was evaluated following CSE treatment. Our results of time-course experiment indicated that 4% CSE exposure significantly reduced NOD1 expression in Leuk-1 cells at 12h and 24h, especially at 24h (Fig. 4) . Cultured Leuk-1 cells were exposed to 1%, 2%, 4% CSE or fresh medium (control) for 24 h. Western blotting results indicated that CSE inhibited NOD1 and NF-κB protein expression in a concentration dependent manner. To the contrary, CSE induced RIP2 and P-NF-κB protein expression in a concentration dependent manner (Fig. 5) .
Consistent with Western blotting results, immunofluorescence and confocal microscopy assays revealed that the expression of NOD1 clearly reduced and NF-κB p65 subunit translocated into nuclei in Leuk-1 cells following 4% CSE treatment. Contrarily, the expression of RIP2 and P-NF-κB markedly enhanced in 4% CSE treatment group compared with the control group (Fig. 6A, 6B , 6C, and 6D). Immunoblot bands showed effects of CSE on expression levels of NOD1, RIP2, NF-κB, and p-NF-κB (A). Density analyses of immunoblot bands revealed that CSE treatment significantly down-regulated NOD1 level (B), up-regulated RIP2 level (C), suppressed NF-κB expression (D) and induced P-NF-κB expression (E) in Leuk-1 cells in a concentration-dependent manner. Density data of bands were represented as means ± SE (n = 3). Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001, vs. cells without CSE treatment.
24h. However, 4% CSE treatment remarkably up-regulated hBD-2 level (Fig. 7 and Fig. 8 ). These results suggested that CSE attenuated hBD-1 and hBD-3 expression and augmented hBD-2 expression at mRNA and protein levels.
iE-DAP treatment reversed the effects of CSE on hBD-1, -2, and -3 levels
To clarify the effect of iE-DAP on CSE-induced alteration of hBD-1, -2, -3 levels, Leuk-1 cells were treated with iE-DAP and CSE, either alone or in combination with each other. Our data suggested that treatment of Leuk-1 cells with iE-DAP significantly abrogated the inhibitory effect of CSE on hBD-1 mRNA level (Fig. 7A) . iE-DAP treatment clearly reversed the induced effect of CSE on hBD-2 mRNA level and the inhibitory effect of CSE on hBD-3 mRNA level (Fig. 7B and 7C ). iE-DAP treatment markedly removed the inhibitory effect of CSE on hBD-1, -3 releases and abolished the induced effect of CSE on hBD-2 release (Fig. 7D,  7E and 7F). Our results also indicated that iE-DAP treatment conspicuously enhanced the gene expression and release of hBD-2 by Leuk-1 cells (Fig. 7B and 7E ).
BAY 11-7082 treatment reversed the effects of CSE on hBD-1, -2, -3 levels
To determine the effect of BAY 11-7082 (NF-κB specific inhibitor) on CSE-induced alteration of hBD-1, -2, -3 levels, Leuk-1 cells were treated with BAY 11-7082 and CSE, either alone or in combination with each other. Our results indicated that BAY 11-7082 treatment significantly abrogated the inhibitory effect of CSE on hBD-1 mRNA level (Fig. 8A) . BAY 11-7082 treatment remarkably reversed the induced effect of CSE on hBD-2 mRNA level, while BAY 11-7082 treatment clearly removed the inhibitory effect of CSE on hBD-3 mRNA level ( Fig. 8B and 8C ). BAY 11-7082 treatment markedly abrogated the inhibitory effect of CSE on hBD-1, -3 releases and abolished the induced effect of CSE on hBD-2 release (Fig. 8D,  8E , and 8F). Our data suggested BAY 11-7082 treatment prominently suppressed the gene expression of hBD-2 in Leuk-1 cells (Fig. 8B) . The gene expression and release of hBD-3 were also inhibited by BAY 11-7082 treatment ( Fig. 8C and 8F) . (D, E, F) . The mRNA and ELISA data were represented as means ± SE (n = 3). Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.
Discussion
Tobacco smoke contains 3,800 chemicals, including carbon monoxide, hydrogen cyanide, reactive oxidizing radicals, nicotine, aromatic hydrocarbons, aldehyde, heavy metals, phenolics and many carcinogens [26] . Long-term cigarette smoking is a major risk factor for respiratory and cardiovascular diseases, and is also known to adversely affect other organs [27] . Short-and long-term cigarette smoke exposure may have consequences associated with drug metabolism/detoxification, oxidative stress, inflammatory responses and mitochondrial dysfunction in tissues [27] [28] [29] . Smoking is believed to suppress the activation of innate immune system in response to bacterial infection. It has been elaborated that deficient functions of innate immune system seem to be of importance in smokingrelated diseases [30] . Smoking is a well-known contributing factor for precancerous and cancerous oral lesions. The percentage of inflammation and Candida of oral mucosa in smokers and waterpipe users is significantly higher than that in normal individuals [31] . Smoking habit has a direct impact on the course of disease of oral lichen planus and leukoplakia [32, 33] . Oral mucosal epithelium is the first tissue that encounters diverse toxic substances in cigarette smoke, so it is essential to study the influences of cigarette smoke on innate immune response of oral mucosa. An increasing body of data supports the critical role of NOD1 in oral innate immune responses [4, 34] . Therefore, we investigated effects of cigarette smoke on NOD1 signal pathway and hBDs expression in oral mucosa.
An early study indicated that cigarette smoke extract (CSE) delayed NOD2 expression and affected NOD2/RIP2 interactions in intestinal epithelial cells [12] . It remains unknown Fig. 8 . BAY 11-7082 treatment reversed the effects of CSE on hBD-1, -2, and -3 levels. BAY 11-7082 treatment significantly abrogated the inhibitory effect of CSE on hBD-1 mRNA expression (A). BAY 11-7082 treatment remarkably reversed the induced effect of CSE on hBD-2 mRNA level (B), while the BAY 11-7082 treatment clearly removed the inhibitory effect of CSE on hBD-3 mRNA level (C). BAY 11-7082 treatment markedly abrogated the inhibitory effect of CSE on hBD-1, -3 releases and abolished the induced effect of CSE on hBD-2 release (D, E, F). The mRNA and ELISA data were represented as means ± SE (n = 3). Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.
whether NOD1 expression in oral mucosal epithelium is differential between smokers and non-smokers. In the present study, our results confirmed that NOD1 protein expression was down-regulated in oral mucosa of smokers. Moreover experimental results of Leuk-1 cells also supported that CSE inhibited NOD1 expression in a concentration-dependent manner. NOD1 stimulation reversed the regulatory effects of CSE on levels of hBD-1, -2 and -3 in the present study. Our recent study indicated that decreased NOD1 expression is significantly associated with oral squamous cell carcinoma (OSCC) progression [35] . These evidences could potentially link suppressive effects of smoking on NOD1 expression to smoking-related oral mucosal diseases.
In the present study, results indicated that RIP2 expression enhanced in oral mucosa of smokers. Study data of Leuk cells also confirmed that CSE augmented RIP2 expression. A recent study suggested that RIP1 expression remarkably increased in cigarette smokeexposed mouse lung and was significantly induced by CSE in human bronchial epithelial cells [36] . As members of receptor-interacting protein family, RIP1 and RIP2 share many common functions in cell death and cell stress signaling [37] . However, as a dual functional molecule, RIP2 also plays a crucial role in innate immune and inflammation response. Beyond the adaptor in NOD1/NF-κB signal pathway, RIP2 seemed to play more complicated roles in epithelial cells exposed to cigarette smoke. Further studies should be preformed to clarify the role of RIP2 in cigarette smoke-related molecular signaling. It has been confirmed that cigarette smoke or CSE exposure could activate NF-κB phosphorylation and induce proinflammatory effects in aerodigestive cells [38, 39] . Coincidentally, the present study indicated that cigarette smoke or CSE exposure up-regulated P-NF-κB expression in oral mucosa epithelium and Leuk-1 cells. NF-κB is considered a critical factor in response to cigarette smoke exposure. The stimulation of CSE or some ingredients of cigarette smoke could result in nuclear translocation of NF-κB, which could modulate the transcriptive activity of downstream cytokines and antimicrobial peptides [40] [41] [42] . It has been reported that cigarette smoke inhibited NF-κB activation and suppressed innate immune responses to pathogenic microbes in airway epithelial cells [43, 44] . An early study revealed that CSE inhibited NF-κB activation and the consequent expression of defense genes in airway epithelial cells in response to H. influenzae. This decreased activation of NF-κB was not attributable to cell loss or cytotoxicity [45] . Our results suggested that NF-κB inhibitor treatment reversed regulatory effects of CSE on hBDs levels. As a result, existed data and the present results indicated that NF-κB could play a crucial role in innate immune and tissue homeostasis.
Study data about effects of smoking on hBD-1 and -3 levels are very little in the literature. Wolgin et al. found that the expression of hBD-1 mRNA was significantly reduced in gingival samples of smokers compared to that of non-smokers [13] . An early study indicated that mouse β defensin (mBD)-1 expression decreased in the lungs of cigarette smoke-exposed mice compared with air-exposed mice [46] . Our results suggested that cigarette smoke or CSE exposure inhibited hBD-1 and hBD-3 levels in oral mucosal epithelial cells. This could be related to smoking-related local defense suppression.
Although many studies focused on effects of smoking on hBD-2 expression in the literature, study data are in conflict. It was found that the expression of hBD-2 mRNA was significantly reduced in gingival samples of smokers compared to that of non-smokers [13] . Another study suggested that the pre-treatment with nicotine reduced a stimulating effect of TNF-α on the gene expression of hBD-2 in HaCaT keratinocytes [47] . It was found that hBD-2 protein level in gingival crevicular fluid was significantly higher in smoker patients with gingivitis than that of non-smoker patients with gingivitis, while hBD-2 level in the gingival crevicular fluid was significantly higher in smoker patients with generalized aggressive periodontitis than that of non-smoker patients with generalized aggressive periodontitis [48] . It was reported that whole cigarette smoke exposure up-regulated hBD-2 and hBD-3 [10] . It was observed that CSE modulated hBD-2 mRNA level in human gingival epithelial cells [11] . These differential results in the literature could be explained with different patterns and time of cigarette smoke exposure, tissue type, and gene or protein expression level, etc. Our present results indicated that cigarette smoke or CSE exposure augmented hBD-2 level in oral mucosal epithelial cells. The induction of hBD-2 following cigarette exposure could be due to proinflammatory response of cells [10] . In the present study, the difference of altered extent of hBDs levels was observed between the mRNA level in Leuk-1 cells and the secretory level in supernatant of cell culture. The altered extent of hBDs at secretory level was more minor than that at expression level. Firstly, this difference may be resulted from the regulation of antimicrobial peptide expression at transcriptional, post-transcriptional and post-translational levels [49] . Secondly, this difference may be explained that only a part of intracellular hBDs could be released into supernatant of cell culture. In the post-translational translocation process, the synthesis and translocation of the preproteins are not coupled [50] .
hBDs are critical effectors of host defense, which play a vital role in innate defense of aerodigestive epithelium and control many commensal and pathogenic bacteria. hBD-1 is inherently expressed in epithelial cells and may be up-regulated by bacterial products. hBD-2 is inductively expressed in epithelial cells and could be strongly up-regulated by both pathogenic bacteria and proinflammatory cytokines. hBD3 is expressed in normal epithelium and may be up-regulated by bacteria, IFN-γ and growth factors [51] . Although NOD1 stimulation did not altered significantly levels of hBD-1 and -3 in the present study, NOD1 stimulation abrogated or reversed the suppressive effects of CSE on levels of hBD-1 and -3. Likewise, NF-κB inhibitor treatment had no remarkable effects on hBD-1 level, which is consistent with a recent report [52] . NF-κB inhibitor treatment still reversed the inhibitory effect of CSE on hBD-1 level. Our results indicated that NOD1 stimulation conspicuously enhanced hBD-2 level, which is in accordance with an early study [3] . NF-κB inhibitor treatment prominently suppressed the levels of hBD-2 and hBD-3, which is consistent with a previous study [52] . In short, our data revealed that NOD1 stimulation or NF-κB inhibitor treatment reversed the effects of CSE on hBD-1, -2, and -3 levels. These results indicated that NOD1 signal pathway played an important part in the regulatory effects of CSE on hBDs levels in oral mucosal epithelial cells. hBDs play critical roles in antitumor, antimicrobial activity, homeostasis maintenance, wound healing, and immunomodulatory effect. The regulatory effects of CSE on hBDs levels could be one of important aspects on smoking-related innate immune dysfunction and oral mucosal diseases occurrence.
Conclusions
The present study indicated that cigarette smoke could potentially modulate the expression of crucial molecules of NOD1 signal pathway and hBDs in human oral mucosal epithelium. NOD1 signal pathway could play an important role in the regulatory effects of CSE on hBDs levels in oral mucosal epithelial cells.
